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FI1G.20
L1GHT AMOUNT SMOOTHNESS
MEASUREMENT MEASUREMENT
» REGULAR DIFFUSE
BRAND | MEASUREMENT REFLECTION REFLECTION | SMOOTHNESS
POINT LIGHT LIGHT [s]
DETECTOR DETECTOR

A 1 65.2 33.4 95
A 2 62.2 33.4 89
A 3 60.9 350 86
B 1 58.9 32.8 98
B 2 60.7 32.7 89
B 3 66.5 30.7 95
C 1 52.3 32.8 92
C 2 53.1 31.8 86
C 3 53.8 314 92
D 1 345 36.7 31
D 2 30.2 375 29
D 3 332 36.5 27
E 1 74.4 34.1 130
E 2 735 335 128
E 3 78.3 33.9 128
F 1 80.1 34.1 80
F 2 81.2. 34.6 97
F 3 70.3 344 71
G 1 41.2 32.8 46
G 2 41.2 32.8 45
G 3 41.2 31.1 47
H 1 24.3 36.9 20
H 2 25.3 36.8 22
H 3 24.7 373 20
I 1 40.6 33.3 45
I 2 454 32.6 48
I 3 41.8 320 48
J 1 24.1 38.1 18
J 2 24.1 37.2 19
J 3 22.6 36.1 19
K 1 33.0 37.6 20
K 2 38.1 36.1 24
K 3 36.4 38.1 24
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1
OPTICAL SENSOR AND IMAGE FORMING
APPARATUS

TECHNICAL FIELD

The present invention relates to an optical sensor and an
image forming apparatus.

BACKGROUND ART

In an image forming apparatus employing a so-called
“electrophotographic method” such as a digital copier and a
laser printer, an image is formed by transferring a toner
image onto a recording medium such as recording paper and
by fixing the toner image onto the recording medium such as
the recording paper by heating and pressing under prede-
termined conditions. In such an image forming apparatus, it
is desired to determine desirable conditions of the heating
and pressing when the toner image is fixed. Especially, to
form a high-quality image, it may be desired to separately
set the fixing conditions of the toner image in accordance
with the type (kind) of the recording medium.

This is because the image quality to be recorded (formed)
on the recording medium may be greatly influenced by, for
example, the material, thickness, humidity, smoothness,
coating condition and the like of the recording medium. For
example, in terms of the smoothness, the convexo-concave
degree of the recording medium may vary depending on the
fixing conditions. As a result, a toner fixation rate may be
decreased at a concave part of the recording medium, and
accordingly, it may become difficult to acquire a high-
quality image. Namely, if an image is formed without using
an appropriate fixing condition which is to be determined
based on the actual smoothness of the recording medium on
which the image is to be formed, color irregularity may
occur, and it may become difficult to acquire a high-quality
image.

On the other hand, with a recent progress of an image
forming apparatus and a diversification of the expressions,
the number of the types of the recording sheets which
become the recording media has been increased to more than
several hundreds. Further, in each type of the recording
sheets, there are so many brands in the recording sheets
which differ from each other based on the basis of weight,
thickness and the like. Due the differences, to form a
high-quality image, it is desired to set fixing conditions in
detail based on the type and brand of the recording medium
such as the recording sheet.

Such recording media include plain paper, coated sheets
such as a gloss coated sheet, a matt coated sheet, an art
coated sheet, an OHP sheet, a special sheet having an
embossed surface and the like. The number of the types and
brands of the recording media is increasing. In the above
examples, recording sheets are described as the examples of
the recording media. However, it is noted that there are
recording media which are other than the recording sheets.

On the other hand, even the latest image forming appa-
ratus, the fixing condition of the image forming apparatus
may be desired to be set by a user. Due to this, the user may
have to have a knowledge of the various types of the
recording media or the like. Further, the fixing condition
may have to be set by the user, the user may feel uncom-
fortable because it is required to set the fixing condition by
himselt/herself. Further, if the fixing condition is not set
correctly, a desired high-quality image may not be acquired.

To overcome the problem, research has been made to
provide a sensor capable of identifying the type of a record-
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2

ing medium such as a recording sheet by automatically
sensing the type of the recording medium such as the
recording sheet and an image forming apparatus including
such a sensor so as to automatically sense the type of the
recording medium and is capable of forming an image.

For such a sensor for identifying (sensing) the type of a
recording medium such as a recording sheet, there is a
method, as described in Patent Document 1, in which a
sensing probe is used to detect a surface friction resistance,
and there is another method, as described in Patent Docu-
ment 2, in which a pressure sensor or the like is used to
detect the strength (stiffness) of the recording sheet. Further,
as described in Patent Document 3, as a non-contact method
of identifying the type of the recording medium, an imaging
device such as an area sensor is used to capture an image of
a surface of the recording medium to identify the type or the
like of the recording medium based on the captured image.

Further, as a non-contact method of identifying the type or
the like of the recording medium, there is a method using
reflected light. In the method of using the reflected light, the
light emitted from a light source such as a Light Emitting
Diode (LED) is irradiated to the recording medium to be
identified, and the type or the like of the recording medium
is identified based on a reflected light amount from the
recording medium. As the method of using the reflected
light, there are three methods as described below.

In the first method, as described in Patent Document 4, the
light amount of the reflected light is detected in the regular
reflection direction of the light which is irradiated on the
surface of the recording media to identify the brand or the
like of the recording medium based on the detected light
amount of the reflected light in the regular reflection direc-
tion. More specifically, in Patent Document 4, the brand of
the recoding medium is identified by detecting the light
amount in the regular reflection direction and the light
amount of the light having passed through the recording
sheet. Therefore, accurately speaking, the recording sheet is
not identified based on the light amount in the regular
reflection direction alone.

In the second method, as described in Patent Document 5,
a plurality of light amount detecting units are used to detect
not only the light amounts of the reflected light of the light
irradiated on the surface of the recording medium in the
regular reflection direction but also the light amounts of the
scattered reflected light, so that the brand or the like of the
recording medium is identified based on the detected light
amount in the regular reflection direction and the light
amount of the scattered reflected light.

In the third method, as described in Patent Document 6,
the reflected light of the light irradiated on the surface of the
recording medium in the regular reflection direction is
divided by a polarization beam splitter to measure the light
amount of the divided light, so that the brand or the like of
the recording medium is identified based on the measured
light amount.

Further, as a method of foreign matte inspection or the
like, Patent Documents 7 and 8 disclose the inspection
device and the inspection method.

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, the methods described in Patent Documents 1
and 2 are contact methods. Therefore, the surface of the
recording sheet of the recording medium may be damaged.
Further, when the method described in Patent Document 3 is
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used, the smoothness and the like of the recording medium
may be detected. However, it is difficult to detect the
thickness and the like of the recording medium. Further,
when the method described in any of Patent Documents 4
through 6 is used, it may be possible to roughly determine
the type or the like of the recording medium. However, the
determination result may not be less accurate than in the
determination that is made in detail based on an air leak test
or the like.

Further, in addition to the above methods, there may be a
method in which an image forming apparatus includes a
sensor or the like using ultrasonic waves or the like to
identify the recording medium in more detail. However, in
this method, a plurality of sensors using different methods
may have to be included in the image forming apparatus. As
a result, the size and the cost of the image forming apparatus
may be increased to generate a new problem.

The present invention is made in light of the above
problems, and may provide a compact optical sensor capable
of identifying the recording medium at a lower cost, and
accordingly an image forming apparatus capable of forming
a high-quality image without increasing the size of the
apparatus with lower cost by having such a compact optical
sensor.

Means for Solving the Problems

According to an aspect of the present invention, an optical
sensor includes a light source; and an optical detector
detecting intensity of light that is reflected by a recording
medium, the light emitted from the light source and irradi-
ated onto the recording medium. Further, when an incident
angle of the light incident to the recording medium from the
light source relative to a normal line of the recording
medium is given as 01, a formula 75°<01<85° is satisfied.

According to another aspect of the present invention, an
optical sensor includes a light source; and an optical detector
detecting intensity of light that is reflected by a recording
medium, the light emitted from the light source and irradi-
ated onto the recording medium. Further, when an incident
angle of the light incident to the recording medium from the
light source relative to a normal line of the recording
medium is given as 61, and a detection angle of light that is
incident to the optical detector relative to the normal line of
the recording medium is given as 62, the light source and the
optical detector are arranged so that a formula 61>02 is
satisfied.

According to another aspect of the present invention, an
optical sensor includes a light source; an aperture through
which light from the light source passes; and an optical
detector detecting intensity of light that is reflected by a
recording medium, the light emitted from the light source
and irradiated onto the recording medium. Further, the light
from the light source is scattered in the aperture, and the
scattered light is incident into the optical detector.

Effects of the Present Invention

According to an aspect of the present invention, it may
become possible to provide a compact optical sensor capable
of identifying a recording medium in detail at lower cost,
and an image forming apparatus capable of forming a
high-quality image without increasing the size of the appa-
ratus at a lower cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an air leak test;
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FIG. 2 shows a configuration of an optical sensor accord-
ing to a first embodiment;

FIG. 3 shows a configuration of a processing section of
the optical sensor according to the first embodiment;

FIG. 4 is a flowchart of a detecting method using the
optical sensor according to the first embodiment;

FIG. 5 is a graph showing a distribution of regular
reflection direction light intensity on a surface of a recording
sheet;

FIG. 6 is a graph showing relationships between smooth-
ness and process conditions;

FIG. 7 shows a configuration of an optical sensor 1
according to the first embodiment;

FIG. 8 is a correlation diagram between a detection angle
and a correlation coefficient of the optical sensor 1;

FIG. 9 shows a gap (distance) between the recording sheet
and the optical sensor;

FIG. 10 shows a configuration of an optical sensor 2
according to the first embodiment;

FIG. 11 is a correlation diagram between a lens diameter
in the optical sensor 2 and a gap R1;

FIG. 12 is a correlation diagram between the detection
angle and a detected light amount of an optical sensor 3;

FIG. 13 is a correlation diagram between the detection
angle and a correlation efficient of the optical sensor 3;

FIG. 14 shows a relationship between a focal position and
the position of the recording sheet;

FIG. 15 shows a light incident angular width;

FIG. 16 is a correlation diagram between the detection
angle and the detected light amount of an optical sensor 5;

FIGS. 17A and 17B show an optical sensor 6 according to
the first embodiment;

FIG. 18 is a reflection spectrum of the recording sheet;

FIG. 19 shows a configuration of an optical sensor accord-
ing to a second embodiment;

FIG. 20 shows a relationship between regular reflection
light and scattered reflection light;

FIGS. 21A and 21B show a configuration of an optical
sensor according to the second embodiment;

FIG. 22 shows a configuration of the optical sensor
according to the second embodiment;

FIG. 23 is a flowchart of a detecting method using the
optical sensor according to the second embodiment;

FIG. 24 shows a configuration of an optical sensor accord-
ing to a third embodiment;

FIG. 25 shows a configuration of the optical sensor
according to the third embodiment;

FIG. 26 shows a sheet type ranking list;

FIG. 27 a flowchart of a detecting method using the
optical sensor according to the third embodiment; and

FIG. 28 shows a configuration of an image forming
apparatus according to a fourth embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments to carry out the present invention are
described below. Throughout the embodiment, the same
reference numerals are used to describe the same elements
or the like, and the repeated descriptions thereof may be
omitted.

First Embodiment

On the other hand, it is possible to observe (measure) the
state (status) of a surface of the recording sheet by using a
confocal microscope or the like. However, it is known that
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the asperity slopes formed on the surface of the recording
sheet are steep. Therefore, the measurement results may
include considerable noise components, and it may take a
long time to measure the state of the surface. To overcome
the problem, in the paper industry and the like, a result of an
air leak test is typically used to evaluate (measure) the
smoothness of the paper as an index of the surface status
(smoothness) of the paper such as the recording sheet. This
is because the air leak test may be performed easily to
measure the state of the surface. The index of the smooth-
ness is typically used in the paper industry, so that, for
example, the index is used as one of the references indicat-
ing the smoothness of the paper in developments of a copier
and the like to optimize the printing conditions. Namely, as
the index indicating the surface state of the paper, the result
of the air leak test is more frequently used than a general
index indicating the surface state using the root-mean-square
height “Ra” or the like. However, although the air leak test
may be performed easily, the size of the apparatus may be
increased and it may take a certain amount of time as well.
To overcome the problem, it is desired to provide an optical
sensor that may be mounted in an image forming apparatus
or the like to lower cost and may test the surface state (i.e.,
the smoothness) of a sheet similar to the air leak test.

Next, with reference to FIG. 1, the air leak test that is
performed on a sheet is described. In the air leak test for
testing the sheet, air 11 is supplied from a head 10 of an air
leak apparatus to a recording sheet 20, so that the smooth-
ness of the recording sheet 20 is measured based on a time
period to leak the air 11. The air 11 supplied to the recording
sheet 20 is separated into air 21 that leaks along the surface
of the recording sheet 20 and air 22 that goes into the inside
of the recording sheet 20 and leaks from the recording sheet
20. Due to air leak time period based on the air, the
smoothness of the recording sheet 20 may be evaluated
(measured).
Optical Sensor

Next, an optical sensor according to this embodiment is
described. FIG. 2 shows the optical sensor 100 according to
this embodiment. The optical sensor 100 according to this
embodiment includes a light source 110, a collimator lens
120 that collimates the light emitted from the light source
110, a regular reflection light detector 130 that includes a
photo diode to detect the light that is regularly reflected by
the recording sheet 20, and a lens 121 to incident the light
having predetermined angles into the regular reflection light
detector 130 so that the incident angle “6” of the light
incident to the recording sheet 20 is in a range from
75°(degrees) to 85° (degrees) (i.e., greater than or equal to
75° (degrees) and less than or equal to 85° (degrees)).
Further, the regular reflection light detector 130 is connected
to a controller 150, that performs control of the optical
sensor, various calculations and the like. Further, the optical
sensor in this embodiment further includes a chassis 160
having an opening on the bottom surface side thereof, and
accommodates the light source 110, the collimator lens 120,
the lens 121 and the like inside the chassis 160.
Light Source 110

In the optical sensor of this embodiment, a Light Emitted
Diode (LED) may be used as the light source 110. As the
LED, a chip-type LED having approximately 3 mm square
may be used. Further, the LED used herein may emit
infrared light having the emission wavelength of 850 nm.
The infrared light is preferably used because of the higher
sensitivity to be detected by optical sensors including the
regular reflection light detector 130. The emitted light
amount is determined based on the current value of the
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current introduced into the LED. The rated current herein is
20 mA and an electronic circuit (not shown) is used to
control the current value to be the constant value. The LED
serving as the light source 110 is directly fixed to the chassis
160 with ABS resin or the like.

In this embodiment, it is preferable that accurate colli-
mated light be irradiated (incident) to the recording sheet 20.
To that end, the collimator lens 120 is provided. As the
collimator lens 120, a lens having, for example, a focal
length =9 mm and a diameter of 2 mm¢ may be used. The
collimator lens 120 is mounted (arranged) in a manner such
that the focal position of the collimator lens 120 is disposed
at the luminous (emission) point of the LED serving as the
light source 110. The collimator lens 120 is fixed to the
chassis 160 with a fixed margin having 0.5 mm size formed
thereto. As described above, in this embodiment, a line
between the luminous (emission) point of the LED serving
as the light source 110 and the center of the collimator lens
120 is the optical axis. The LED serving as the light source
110 and the collimator lens 120 are disposed in a manner that
the angle between the optical axis and the normal line of the
recording sheet 20 is approximately 80° (degrees). Further,
in this case, the collimator lens 120 is fixed to an appropriate
position so that the collimator lens 120 and the like do not
contact with the recording sheet 20 and the size of the
chassis 160 is not too big.

Regular Reflection Light Detector 130

Similar to the light source 110, the regular reflection light
detector 130 is also fixed inside the chassis 160. In this
embodiment, as the reflection light detector 130, a photo-
diode (PD) is used. The PD to be used herein has approxi-
mately 3 mm square. Some PD includes a light detection
surface, which becomes (serves as) a light receiving surface,
having 1 mm square. As the lens 121 to incident the light
into the PD which is the regular reflection light detector 130,
a lens having, for example, a focal length (focal distance)
=9 mm and a diameter of 3 mm¢ may be used. Further, the
lens 121 is mounted (arranged) in a manner such that the
focal position of the lens 121 is disposed at the light
receiving surface of the PD which is the regular reflection
light detector 130. By doing this, the incident angle width of
the light incident to the regular reflection light detector 130
is approximately 5° (degrees). In this embodiment, the line
between the center of the lens 121 and the center of the light
receiving surface of the PD serving as the regular reflection
light detector 130 becomes the optical axis. The regular
reflection light detector 130 and the lens 121 are arranged
(disposed) so that the angle between the optical axis and the
normal line of the recording sheet 20 is (approximately)
80°(degrees). To that end, the lens 121 and the PD which
becomes the regular reflection light detector 130 are
obliquely arranged with respect to the recording sheet 20.
Position of Recording Sheet 20

The object to be detected by the optical sensor in this
embodiment is the recording sheet 20. In the description of
this embodiment, the target of the optical sensor is the
recording sheet 20. However, it should be noted that the
optical sensor may also detect another recording medium
other than the recording sheet 20, and the recording sheet 20
is described herein as an example of the object to be detected
by the optical sensor. For example, the recording sheet 20 is
fed by a feeding roller (not shown) along the guide. There-
fore, the distance between the optical sensor in this embodi-
ment and the recording sheet 20 is controlled so that the
distance is always constant. Here, the position where the
optical axis of the regular reflection light detector 130
crosses the optical axis of the light source 110 is called a
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“focal position”. The focal position is arranged to be formed
at the position located approximately 500 pm, which is
inside of the chassis 160, from the surface formed by the
bottom surface of the chassis 160. Therefore, the position of
the recording sheet 20, which is fed along the bottom surface
of the chassis 160, is separated from the “focal position” by
500 pm.

Chassis 160

As described above, the optical sensor in this embodiment
includes the light source 110, the collimator lens 120, the
regular reflection light detector 130, the lens 121 and the
like, which are accommodated in the chassis 160. Further,
light is irradiated to the recording sheet 20 through the
opening 161 of the chassis 160, so that the regular reflection
light, which is the reflection of the irradiated light, from the
recording sheet 20 is received by the regular reflection light
detector 130. The chassis 160 is formed of ABS resin having
a black color so as to absorb light, so that disturbance light
may be eliminated. The chassis 160 is formed (provided) so
that the light source 110, the collimator lens 120, the regular
reflection light detector 130, the lens 121 and the like are
fixed and mounted inside the chassis 160. Although the size
of the chassis 160 may be determined based on the sizes of
the collimator lens 120 and the lens 121, the chassis 160 may
be formed to have sizes approximately 50 mm, 10 mm, and
6 mm in X, y, and z directions, respectively.

Controller

Next, the controller 150 of the optical sensor in this
embodiment is described. As shown in FIG. 3, the controller
150 is connected to the regular reflection light detector 130
and the like, and includes an I/O section 151 that performs
input/output control on signals from the regular reflection
light detector 130 and the like, an arithmetic processor 152
that performs various calculations such as signal processing,
an averaging processor 153 that performs an averaging
process, and a storage 154 that stores various information.
Further, the optical sensor in this embodiment is connected
to the image forming apparatus via the controller 150.
Further, in the description of this embodiment, although the
controller 150 is included in the optical sensor, if the optical
sensor in this embodiment is included (mounted) inside the
image forming apparatus, the controller 150 may be
mounted inside the image forming apparatus and may per-
form, for example, control on the optical sensor in this
embodiment.

Detection Method Using Optical Sensor and the Like

Next, a detection method and the like using the optical
sensor according to this embodiment is described with
reference to FIG. 4.

First, as shown in step S102, a reflected light intensity
detecting operation using the optical sensor according to this
embodiment is started. Specifically, the reflected light inten-
sity detecting operation using the optical sensor according to
this embodiment is started by turning on the power, or
transmitting a signal indicating the start of printing to the
image forming apparatus connected to the optical sensor in
this embodiment.

Next, as shown in step S104, the recording sheet 20 is fed.
By feeding the recording sheet 20 in this way, the light
emitted from the light source 110 is irradiated onto the fed
recording sheet 20 via the collimator lens 120, and the
regular reflection light from the recording sheet 20 is inci-
dent into the regular reflection light detector 130. Further,
while the recording sheet 20 is being fed, the light is
irradiated onto the recording sheet 20 and the regular
reflection light on the recording sheet 20 is detected. By
doing this, the regular reflection light from one end to the
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other end of the recording sheet 20 may be detected.
Specifically, as shown in FIG. 5, regular reflection light
amounts corresponding to the positions where the light is
irradiated onto the recording sheet 20 may be measured. The
regular reflection light amounts may be effectively (advan-
tageously) used to specify (identify) the type (kind) of the
recording sheet if the type of the recording sheet has its
specific pattern or the like.

Next, as shown in step S106, the detection (measurement)
of the regular reflection light on the recording sheet 20 is
terminated, and the measurement result is transmitted to the
controller 150.

Next, as shown in step S108, in the controller 150, an
averaging process is performed on the (reflected) light
intensity which is detected by the regular reflection light
detector 130. The averaging process is performed by the
averaging processor 153 of the controller 150.

Next, as shown in step S110, in the controller 150,
smoothness is calculated based on the light intensity on
which the averaging process is performed by the averaging
processor 153. Specifically, in the arithmetic processor 152
of the controller 150, the smoothness is calculated based on
the light intensity using a predetermined conversion formula
stored in the storage 154 of the controller 150. For example,
when the light intensity of the regular reflection light
detected by the regular reflection light detector 130 is given
as X (mV), the smoothness Y (sec) may be calculated based
on the conversion formula: Y=0.46*X+19.8.

Next, as shown in step S112, in the controller 150, based
on the calculated smoothness, an image forming processing
condition upon fixing in printing an image on the recording
sheet 20 in the image forming apparatus is determined.
Specifically, based on the relationship between the smooth-
ness and the processing condition stored in the storage 154
of the controller 150, such as shown in FIG. 6, the condition
closest to the calculated smoothness is determined as the
image forming processing condition upon fixing.

Next, as shown in step S114, in the image forming
apparatus, the printing is performed on the recording sheet
20, so that the image is formed on the recording sheet 20.

By doing this, the smoothness may be detected by using
the optical sensor in this embodiment, and based on the
detected smoothness, it may become possible to set a
corresponding printing condition in the image forming appa-
ratus.

Next, the optical sensor in this embodiment is described
specifically in more detail.

Optical Sensor 1

An experiment is conducted to determine an optimal
incident angle to detect the smoothness of the recording
sheet 20. As shown in FIG. 7, the light source 110, the
regular reflection light detector 130, and the recording sheet
20 are arranged so that the light emitted from the light source
110 is reflected by the recording sheet 20, and the regular
reflection light is incident into the regular reflection light
detector 130. Here, it is assumed that the angle between the
optical axis of the light from the light source and incident to
the recording sheet and the normal line of the sheet surface
of the recording sheet 20 is given as “01”, and the angle
between the optical axis of the light reflected by the record-
ing sheet 20 and incident to the regular reflection light
detector 130 and the normal line of the sheet surface of the
recording sheet 20 is given as “02”. Further, the light source
110, the regular reflection light detector 130, and the record-
ing sheet 20 are arranged so that the angle “61” (“incident
angle”) is equal to the angle “02” (“detection angle”™).
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Next, the incident angle “61” and the detection angle “62”
are changed from 60° (degrees) to 90° (degrees). In this
case, the light source 110 and the regular reflection light
detector 130 are moved simultaneously so that the incident
angle “01” is equal to the detection angle “62”. For the
measurement, a highly-accurate photogoniometer is used.
As the light source 110, a laser diode (LD) is used. The
collimator lens (not shown in FIG. 7) is used to form parallel
light having a beam diameter of approximately 1 mm. As the
regular reflection light detector 130, a photo diode (PD)
approximately 2 mm square is used. The light to be incident
to the PD, which is the regular reflection light detector 130,
is incident to the PD via the lens (not shown in FIG. 7). The
experiment is conducted by setting the incident angle width
of the light incident to the regular reflection light detector
130 to be approximately 0.5° (degrees) and changing the
incident angle “01” and the detection angle “62” by 0.1°
(degree) steps. The emission intensity is set to be a constant
value by setting the value of the current supplied to the PD
to be constant. In the PD, the light amount corresponding to
the incident light is converted into a current value, and the
current value is further converted into a voltage value by an
operational amplifier. By reading the voltage value, the light
amount of the light incident to the PD, which is the regular
reflection light detector 130, is detected.

In the experiment, as the recording sheet 20, thirty types
of plain paper are selected. The select thirty types of plain
paper are substantially the same as those available in the
market. The smoothness of the thirty types of plain paper are
measured in advance by using a smoothness measurement
apparatus. It is assumed that the region where the smooth-
ness of the plain paper is measured by the smoothness
measurement apparatus is substantially the same as the
region where the smoothness is measured by the photogoni-
ometer. FIG. 8 shows a relationship between the angle of the
incident angle “01” and the detection angle “02” and the
correlation coeflicient. Further, in FIG. 8, the horizontal axis
denotes the angle on behalf of the incident angle “01” and
the detection angle “62”.

As shown in FIG. 8, when the incident angle “01” and the
detection angle “02” are approximately 80° (degrees), the
correlation coefficient has its peak, and the correlation
coeflicient value at the peak is approximately 0.8. On the
other hand, when the incident angle “01” and the detection
angle “02” are 85°(degrees) or 75° (degrees) which is
different by 5° (degrees) from 80° (degrees), the correlation
coeflicient value is approximately 0.7. When the correlation
coeflicient value is less than 0.7, it may not be sufficient for
the smoothness measurement of the recording sheet.
Namely, to perform the control of the copier based on the
correlation coeflicient value, it is desired that the correlation
coeflicient value is greater than or equal to 0.7. Therefore,
when the optical sensor in this embodiment is used as the
smoothness sensor of the recording sheet, it is desired that
the incident angle “01” and the detection angle “02” is in a
range of 80+5° (degrees) (i.e., 75° (degrees)<01=<85° (de-
grees)). Further, the above-described correlation coeflicient
value is calculated based on the following formula 1. Fur-
ther, the incident angle “01” and the detection angle “62”
denotes the angle relative to the normal line of the of the
sheet surface of the recording sheet 20.
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x,: smoothness of i-th sheet type

y,: sensor output of i-th sheet type

x: smoothness average value of 30 sheet types

y: sensor output average value of 30 sheet types

n: 30 (sheet types)

i: integer (1-30)

As described above, by setting the incident angle “61” to
be 75° (degrees)=01<85° (degrees), it may become possible
to improve the correlation coefficient relative to the smooth-
ness of the recording sheet. Accordingly, it may become
possible to improve the detection accuracy of the type of the
recording sheet.

Optical Sensor 2

On the other hand, as shown in FIG. 9, in a case where the
optical sensor is formed so that the incident angle “61” and
the detection angle “02” are relatively shallow (e.g., 80°), if
the distance between the recording sheet 20 and the optical
sensor is shifted from the predetermined distance, the detec-
tion accuracy may be reduced. The distance (“gap”) between
the recording sheet 20 and the focal position in the optical
sensor may vary by several mm due to positional displace-
ment of the recording sheet while being fed. Therefore, it
may be desired that the optical sensor has stability against
the positional fluctuation and the like of the recoding sheet
20 while the recording sheet 20 is being fed.

Such an optical sensor may be achieved by providing the
lens 121 between the recording sheet 20 and the regular
reflection light detector 130 as shown in FIG. 10.

By providing the lens 121 between the recording sheet 20
and the regular reflection light detector 130, the light inci-
dent within the aperture of the lens 121 may be converged
to the PD which is the regular reflection light detector 130.
Namely, not only the light incident to the center part of the
lens 121 but also the light incident in parallel within the
effective aperture of the lens may be converged. Namely, by
using the lens 121, the displacement of the incident position
of the incident light within the effective aperture of the lens
121 may become allowable.

Such effects are described based on an experiment. As the
light source 110, the LED is used. Further, the collimator
lens (not shown in FIG. 10) is used to parallelize the light
from the light source 110, so that the parallelized light is
irradiated to the recording sheet 20. Among the light irra-
diated to the recording sheet 20, the light reflected by the
recording sheet 20 is incident to the regular reflection light
detector 130. Here, the lens 121 having the focal length =9
mm and the diameter of 3 mm¢ is disposed between the
recording sheet. In this case, the lens 121 is disposed so that
the receiving light surface of the regular reflection light
detector 130 is disposed at the focal position of the lens 121.

In this experiment, four lenses 121 having the same NA
and different lens diameters from each other are separately
used in the optical sensor. Then, while the gap is changed,
the light intensity is measured. As the gap is gradually
increased, the light amount is gradually decreased. This is
because the distance from the recording sheet 20 serving as
the reflection surface is increased. As a result, the light
amount of the reflected light from the recording sheet 20 is
decreased.

Here, the gap position where the ratio of the light amount
at the gap position to the light amount at the focal position
is 90% is called a “gap R1”. The gap R1 varies depending
on the size (diameter) of the lens. Specifically, as shown in
FIG. 11, there exists a correlative relationship between the
lens diameter and the gap R1. Namely, the greater the lens
diameter is, the greater the gap R1 is. For comparison
purposes, data of the gap R1 when no lens 121 is provided
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is plotted at lens diameter (radium) is 0 mm. As shown in
FIG. 11, when no lens 121 is disposed, the gap R1 is less
than 1 mm. On the other hand, when the lens 121 having the
lens diameter of 5 mm, the gap R1 exceeds 1 mm. Therefore,
by providing the lens 121 between the recording sheet and
the regular reflection light detector 130, it may become
possible to acquire an optical sensor that is unlikely to be
influenced by the gap fluctuation.

Optical Sensor 3

Further, in the relationship between the incident angle
“01” and the detection angle “02”, by setting 61<62, it may
become possible to improve the detection accuracy of the
smoothness. In the following, an experiment showing the
improvement is described.

A case is described where the detection angle 62 is
changed while the incident angle 61 is fixed and the optical
sensor of FIG. 7 is used, and FIG. 12 shows the light amount
detected by the regular reflection light detector 130. In FIG.
12, the line 12A denotes the data of a coated sheet, and lines
12B and 12C denotes the respective data of plain paper. The
smoothness of the coated sheet in line 12A is 5200 sec, and
the smoothness values of the plain paper in lines 12B and
12C are 40 sec and 120 sec, respectively. As may be
apparent from the angle dependency characteristics, the
peak of the light intensity is detected at approximately 80°
(degrees) in the coated sheet in line 12A. On the other hand,
the peak of the light intensity is detected at a degree greater
than 80° (degrees) by approximately 5° (degrees) in the
plain paper in lines 12B and 12C.

Generally, it is supposed that the intensity of the reflected
light amount is related to the smoothness of the recording
sheet. Actually, when the detection angle 62 at the angle of
regular reflection is 80° (degrees), the relationship may be
observed. However, when the detection angle 62 becomes
85° (degrees), the relationship is hardly observed. Namely,
when the detection angle 62 is 85° (degrees), the reflection
light amount of the coated sheet in line 12A is greatly
reduced, but the reflection light amounts of the plain paper
in lines 12B and 12C are increased. Therefore, the relation-
ships between the coated sheet and the plain paper at 85°
(degrees) are opposite to each other. Accordingly, the rela-
tionship with the sheet smoothness may be impaired. This is
because the angle of the intensity peak position of the plain
paper is shifted to the higher angle side from the angle where
the regular reflection is observed by 5° (degrees).

FIG. 13 shows the relationship between the correlation
coeflicient (R?), which is related to the smoothness, and the
detection angle “02”. The relationship is acquired by mea-
suring the smoothness of seventeen types of sheets and by
measuring the reflection intensity angle dependency at the
incident angle of 80° (degrees) by using the optical sensor of
FIG. 7. Although the results may vary depending on the
incident angle width of the light incident to the regular
reflection light detector 130, when the incident angle width
is 5° (degrees) which is relatively small, the detection angle
“02” having the greatest correlation coefficient is 76° (de-
grees). Further, the correlation coefficient at the detection
angle “02” 71° (degrees) is substantially the same as that at
the detection angle “02” 83° (degrees). Therefore, it is
desired that the shift amount from the angle where the
regular reflection starts is within approximately 10° (de-
grees).

Optical Sensor 4

Next, as shown in FIG. 14, the recording sheet 20 is set
so that the surface of the recording sheet 20 is disposed to
be separated from the focal position in the direction to be
separated from the optical sensor side. By doing this, the
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angle “03” between the normal line of the recording sheet 20
and the regular reflection light detector 130 becomes less
than the detection angle “02” relative to the regular reflec-
tion light detector 130 at the focal position (i.e., 63<62). By
doing this, the effect same as that of the optical sensor may
be acquired. Specifically, to that end, the position where the
light from the light source 110 is reflected by the recording
sheet 20 is shifted to the regular reflection light detector 130
side when compared with the position on the focal point
where the optical axis of the emitted light determined based
on the light source 110, the collimator lens 120, and the
aperture crosses the optical axis on the light receiving side
determined based on the regular reflection light detector
130, the lens 121, and the aperture on the light receiving
side.

Optical Sensor 5

Further, the lens 121 has a function to converge parallel
light to the regular reflection light detector 130. When the
area of the regular reflection light detector 130 is ideally
small, almost only parallel light may be converged. On the
other hand, when the regular reflection light detector 130 has
limited effective diameter, it may also become possible to
converge the light which is slightly shifted from parallel
light. Herein, the angle (of the light) shifted from the parallel
light may be referred to as a “light incident angle”. As
schematically shown in FIG. 15, the light incident angle
width herein is doubled due to the upper and lower sides, the
angle “¢/2” in FIG. 15 is equal to a half value of the light
incident angle width “¢”. The light incident angle width “¢”
depends on the area of the light receiving surface of the
regular reflection light detector 130, and the f value of the
lens 121. When the light incident angle width “¢” is large,
the detection angle “02” is increased, and an error may
occur. For example, as shown in FIG. 12, even when the
detection angle “02” is 80° (degrees), if the light incident
angle width “¢” exceeds 10° (degrees), the measurement
value may be detected while the detection angle “62”
exceeds the range from 75° (degrees) to 85° (degrees). As a
result, the relationship relative to the smoothness may be
impaired. Specifically, when the light incident angle width
“¢” is 5° (degrees), the peak value of the correlation coef-
ficient is approximately 0.79. Further, when the light inci-
dent angle width “¢” is 10° (degrees), the peak value of the
correlation coefficient is 0.77 or more. On the other hand,
when the light incident angle width “¢” is 15° (degrees), the
peak value of the correlation coefficient is less than 0.77.
Therefore, it is preferable that the light incident angle width
“¢” be 10° (degrees) or less.

Optical Sensor 6

Further, to conduct a highly-accurate detection in the
optical sensor, calibration may become necessary. In the
optical sensors shown in FIGS. 17A and 17B, the incident
angle “01” is set to be shallower, so that the light scattered
by the collimator lens 120 or an aperture 125 is directly
incident to the regular reflection light detector 130. In FIG.
17A, the light scattered by the aperture 125 is incident to the
regular reflection light detector 130. In FIG. 17B, the light
scattered by the collimator lens 120 is incident to the regular
reflection light detector 130.

By doing this, it may become possible that the light
emitted from the light source 110 may be directly incident to
the regular reflection light detector 130 without using the
recording sheet 20. Namely, even when there exists no
recording sheet 20, the light from the light source 110 is
incident to the regular reflection light detector 130. There-
fore, it may become possible to detect a predetermined light
amount of the light. By monitoring the light amount, for
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example, if the light amount is reduced to, for example,
paper powers adhered to the collimator lens 120 or the like,
the optical fluctuation in such a case may be detected.
Specifically, when there is no recording sheet, the light
amount “S0” is detected by the regular reflection light
detector 130. By using the light amount “S0”, as a reference,
and the light amount S1 that is acquired when the recording
sheet is actually fed and is positioned at the measurement
position, the difference (S1-S0) or ratio S1/S0 is calculated.
Based on the difference or ratio, it may become possible to
conduct the calibration. By doing such calibration before the
smoothness of the recording sheet is detected by the optical
sensor, it may become possible to detect the smoothness
more accurately.

As shown in FIG. 17A, such an optical sensor may
include the light source 110, a first aperture 125 through
which the light passes emitted from the light source, a
second aperture 126 through which the light passes having
been passed through the first aperture 125 and reflected by
the recording sheet 20, and the regular reflection light
detector 130 having a detected surface to which the light
having passed through the second aperture 126 is incident
and converting the incident light into an electronic signal.
Further, as shown in FIG. 17B, such an optical sensor may
include the light source 110, a collimator lens 120 through
which the light passes emitted from the light source, a
collimator lens 121 through which the light passes having
been passed through the collimator lens 120 and reflected by
the recording sheet 20, and the regular reflection light
detector 130 having a detect surface to which the light
having passed through the collimator lens 121 is incident
and converting the incident light into an electronic signal.
Optical Sensor 7

Further, the regular reflection light on the surface of the
recording sheet 20 is detected. Therefore, it is thought that
the detection may not be influenced by the optical absorption
occurred inside the recording sheet 20. However, when plain
paper is used as the recording sheet 20, the scattering may
become extremely high. In this case, even when the detec-
tion angle “02” is set to 80° (degrees), it may become
difficult to conduct highly-accurate smoothness detection
because of the influence of the light absorption by the fiber
of the recording sheet 20. FIG. 18 shows measured spec-
trums of the recording sheets when the incident angle “61”
is set to 45° (degrees) and the detection angle “62” is set to
0° (degrees) and a lamp light source is used as the light
source 110. In FIG. 18, normalized data of seventeen types
of sheets (Sal through Sal7) are indicated by using the data
having the least light amount as a reference. As shown in
FIG. 18, fluorescent material amount and type may differ
depending on the sheet types and the detected light amount
varies depending on the wavelength. Especially, in a range
from 500 nm to 750 nm, the detect light amounts vary
depending on the wavelength, so that the order of the light
amount intensity is changed. On the other hand, in the range
greater than or equal to 750 nm, the waveform fluctuation is
limited in a stable condition. It is known that the light
amount intensity order in this wavelength range indicates
high correlation related to the smoothness of the recording
sheet 20. Namely, when the wavelength of the light emitted
from the light source 110 is greater than or equal to 750 nm,
it may become possible to improve the correlative relation-
ship relative to the smoothness in the recording medium 20.

Second Embodiment

Next, a second embodiment is described. As shown in
FIG. 19, the optical sensor in this embodiment includes the
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light source 110, the collimator lens 120 that collimates the
light emitted from the light source 110, the regular reflection
light detector 130 (first optical detector) that detects the
regular reflection light from the recording medium 20, and
a diffuse reflection light detector 230 (second optical detec-
tor) that detects the diffuse reflection light from the record-
ing medium 20.

In the optical sensor in this embodiment, the regular
reflection light detector 130 (first optical detector) receives
only the light that is regularly reflected from the recording
medium 20. On the other hand, the diffuse reflection light
detector 230 (second optical detector) receives only internal
scattered light that is generated by the scattering of the light
that is incident inside the recording sheet 20 and the rotation
of the polarization direction of the scattered light in the
recording sheet 20. The optical sensor in this embodiment
determines the type or the like of the recording sheet 20
based on both the information acquired by the regular
reflection light detector 130 and the information acquired by
the diffuse reflection light detector 230. Therefore, it may
become possible to determine the type or the like of the
recording medium 20 more accurately.

Further, it may be possible to evaluate the surface state by
the regular reflection light detector 130. However, it may not
be sufficient to ensure consistency with the smoothness that
is acquired based on the air leak test. This is because the
smoothness of the recording sheet is thought to be changed
depending on an internal air-leak state of the region near the
surface of the recording sheet 20.

Next, FIG. 20 shows detection results based on the actual
measurements using the regular reflection light detector 130
and the diffuse reflection light detector 230. Here, three
points are measured for each of the eleven types of recording
media 20. Based on the measured values, a multiple classi-
fication analysis is performed using the following formula
(1). Here, the symbols “X1” and “X2” denote the signal
intensity of the first and second light receiving parts, respec-
tively, and the symbols “a”, “b”, and “c” denote the first,
second, and third coefficients, respectively.

Y=aX14bX2+c (€8]

In this embodiment, an optimization is performed on the
first, second, and third coefficients. As a result of the
optimization, the first, second, and third coefficients are
determined as “a=1.62", “b=-2.85", and “c=81.17", respec-
tively. FIG. 21A shows calculated values Y, which are
indicated as “21A”, that are acquired based on the above
formula (1) using the values of the signal intensities detected
by the diffuse reflection light detector 230 and the regular
reflection light detector 130, respectively. In this case, the
value of the correlative relationship is 0.866 (i.e., R*=0.866).

On the other hand, FIG. 21B shows calculated values Y,
which are indicated as “21B”, that are acquired based on the
following formula (2) using the value of the signal intensity
detected by the regular reflection light detector 130. Here,
the symbols “X1” denotes the signal intensity of the first
light receiving part and the symbols “d” and “e” denote the
first and second coefficients, respectively. In this case, the
value of the correlative relationship is 0.845 (i.e., R>=0.845).

Y=dXl1+e )

As described above, when correlative relationship value is
calculated based on the above formula (1) by using the
signal intensity detected by the diffuse reflection light detec-
tor 230, the value of the correlative relationship relative to
the smoothness is improved by 0.02. Accordingly, by using
the value detected by the regular reflection light detector 130
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and the signal intensity detected by the diffuse reflection
light detector 230, it may become possible to improve the
detection accuracy of the smoothness. This is because as
shown in FIG. 1, in the air leak test, the smoothness is
determined based on not only the surface state but also the
internal state of the recording sheet. Therefore, by addition-
ally considering the internal state by adding the internal data
of the recording sheet 20, it is thought that the consistency
with the air leak test may be improved and the smoothness
of the recording sheet 20 may be detected more accurately.
Controller

Next, the controller 150 of the optical sensor in this
embodiment is described. As shown in FIG. 22, the control-
ler 150 includes the 1/O section 151 that performs input/
output control on the signals from the regular reflection light
detector 130, the diffuse reflection light detector 230 and the
like, the arithmetic processor 152 that performs various
calculations such as signal processing, the averaging pro-
cessor 153 that performs the averaging process and the like,
and the storage 154 that stores various information. Further,
the optical sensor in this embodiment is connected to the
image forming apparatus via the controller 150. Further, in
the description of this embodiment, the controller 150 is
included in the optical sensor. However, the controller 150
may be included in an image forming apparatus including
the optical sensor of this embodiment, so as to control the
optical sensor in this embodiment.

Detecting Method and the Like by Optical Sensor

Next, a detecting method and the like by using the optical
sensor in this embodiment are described with reference to
FIG. 23.

First, as shown in step S202, an operation to detect the
regular reflection light intensity by using the optical sensor
is started. More specifically, the regular reflection light
intensity by using the optical sensor is started by turning on
the power or transmitting a signal indicating the start of
printing to the image forming apparatus connected to the
optical sensor in this embodiment.

Similarly, as shown in steps S204, an operation to detect
the diffuse reflection light intensity by using the optical
sensor is started. Specifically, the operation starts in the same
manner as in step S202.

Next, as shown in step S206, the recording sheet 20 is fed.
By feeding the recoding sheet 20 in this way, the light
emitted from the light source 110 may be irradiated to the
fed recording sheet 20 via the collimator lens 120, so that the
regular reflection light reflected from the recording sheet 20
is incident to the regular reflection light detector 130, and the
internal diffuse reflection light is incident to the diffuse
reflection light detector 230.

Next, as shown in step S208, the measurement of the
regular reflection light intensity is terminated and the mea-
surement result is transmitted to the controller 150.

Similarly, as shown in step S210, the measurement of the
diffuse reflection light intensity is terminated and the mea-
surement result is transmitted to the controller 150.

Next, as shown in step S212, in the controller 150, an
averaging process is performed on the regular reflection
light intensity detected by the regular reflection light detec-
tor 130. This averaging process is performed by the aver-
aging processor 153 of the controller 150.

Similarly, as shown in step S214, in the controller 150, an
averaging process is performed on the diffuse reflection light
intensity detected by the diffuse reflection light detector 230.
This averaging process is performed by the averaging pro-
cessor 153 of the controller 150.
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Next, as shown in step S216, in the controller 150, the
smoothness is calculated based on the averaged regular
reflection light intensity and diffuse reflection light intensity.
Specifically, the arithmetic processor 152 of the controller
150 calculates the smoothness based on the light intensities
using the predetermined conversion formula stored in the
storage 154 of the controller 150. As the conversion formula,
the above formula (1) is used. Namely, when the regular
reflection light intensity detected by the regular reflection
light detector 130 and the diffuse reflection light intensity
detected by the diffuse reflection light detector 230 are given
as X1 (mV) and X2 (mV), respectively, the conversion
formula is given as Y=1.62xX1-2.85xX2+81.17. Then, the
smoothness Y (sec) is calculated based on this conversion
formula.

Next, as shown in step S218, in the controller 150, based
on the calculated smoothness, the image forming processing
condition used upon fixing in printing the image on the
recording sheet 20 in the image forming apparatus is deter-
mined. Specifically, based on the relationship between the
smoothness and the processing condition shown in FIG. 15,
the condition closest to the calculated smoothness is deter-
mined as the image forming processing condition upon
fixing.

Next, as shown in step S220, in the image forming
apparatus, the printing is performed on the recording sheet
20, so that the image is formed on the recording sheet 20.

By doing this, the smoothness may be detected by using
the optical sensor in this embodiment, and based on the
detected smoothness, it may become possible to set a
corresponding printing condition in the image forming appa-
ratus.

The descriptions other than described above in the second
embodiment are the same as those in the first embodiment.

Third Embodiment

Next, a third embodiment is described. In this embodi-
ment, when compared with the optical sensor in the second
embodiment, the optical sensor further includes a sheet
thickness measurement sensor to measure the thickness of
the recording sheet 20. As shown in FIG. 24, the optical
sensor in the third embodiment includes the light source 110,
a collimator lens 121 that collimates the regular reflection
light from the recording sheet 20, the regular reflection light
detector 130 that detects the regular reflection light from the
recording medium 20 via the collimator lens 121, the diffuse
reflection light detector 230 that detects the diffuse reflection
light from the recording medium 20, and a sheet thickness
measurement sensor 310 that measures the thickness of the
recording sheet 20. By providing the sheet thickness mea-
surement sensor 310, it may become possible to adjust the
fluctuation in which the measurement value of the optical
sensor varies depending on the thickness of the recording
sheet 20. Therefore, it may become possible to determine the
type or the like of the recording sheet 20 more accurately.

Further, in this embodiment, a case is described where the
sheet thickness measurement sensor 310 is used. However,
any other sensor that may measure a physical amount of the
recording sheet 20 may alternatively used. For example, as
substitute for the sheet thickness measurement sensor 310, a
sensor that may measure the sheet density, sheet electrical
resistance or the like may be used. Further, an image forming
apparatus connected to the sensor in this embodiment may
include a database for brands of the sheet types, so that the
sheet type may be specified based on the data in the database
and the measurement result. The data of the database of the
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sheet may always be acquired using a communicating func-
tion. After specifying the sheet type, by correcting the color
of the sheet type, it may become possible to detect the
smoothness more accurately.

In the recording sheet 20, color samples and fluorescence
materials of the sheet fiber may cause an error. There are
more than several hundreds of brands available as sheet
types world wide, and the manufacturing method differs
depending on each brand. However, colors and fluorescent
material amounts are substantially stable for each brand.
Therefore, when the brand is determined, it is possible to
make corrections. Therefore, by using the sensor in this
embodiment, it may become possible to measure the
smoothness of the recording sheet 20 more accurately.
Accordingly, it may become possible to determine the type
or the like of the recording sheet 20 more accurately.
Controller

Next, a controller 350 of the sensor in this embodiment is
described. As shown in FIG. 25, the controller 350 includes
the I/O section 151, which performs input/output control on
signals from the regular reflection light detector 13, the
diffuse reflection light detector 230, the sheet thickness
measurement sensor 310 and the like, the arithmetic pro-
cessor 152, which performs various calculations such as
signal processing, the averaging processor 153, which per-
forms the averaging process, and the storage 154, which
stores various information, a sheet-type database 351, a
Fourier transformer 352, a sheet-type ranking generator 353,
and a smoothness corrector 354. In the Fourier transformer
352, Fourier transformation is performed on the graph
indicating in-plane distribution of the recording sheet 20 to
calculate a power spectrum in which the horizontal axis
indicates the periodicity. The periodicity refers to the in-
plane distribution (a.k.a. “texture”) unique to the sheet. In
the experiment, it is found that when the forming condition
is the same, the power spectrum having the same periodicity
is indicated. Therefore, the power spectrum is measured for
each sheet type and stored as the sheet-type database in the
computer. Specifically, the relationship among the sheet
type, the data of the regular reflection light detector 130 and
the diffuse reflection light detector 230, the sheet thickness,
the smoothness and the like are recorded and stored. Then an
error between the sheet-type database and the measured
value is calculated, and the sheet-type ranking list as shown
in FIG. 26 is generated, so that the sheet type having the least
error (difference from the error) may be determined as the
sheet type of the measured recording sheet 20. Further, the
sensor in this embodiment is connected to the image forming
apparatus via the controller 350. Further, in the description,
the controller 350 is included in the optical sensor. However,
the controller 350 may be included in an image forming
apparatus including the optical sensor of this embodiment,
so as to control the optical sensor in this embodiment.
Detecting Method and the Like by Optical Sensor

Next, a detecting method and the like by using the optical
sensor in this embodiment are described with reference to
FIG. 27.

First, as shown in step S302, an operation to detect the
regular reflection light intensity by using the regular reflec-
tion light detector 130 is started. More specifically, the
regular reflection light intensity detecting operation is
started by turning on the power or transmitting a signal
indicating the start of printing to the image forming appa-
ratus connected to the optical sensor in this embodiment.

Similarly, as shown in steps S304, an operation to detect
the diffuse reflection light intensity by using the diffuse
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reflection light detector 230 is started. Specifically, the
operation starts in the same manner as in step S302.

Similarly, as shown in step S306, the thickness measure-
ment of the recording sheet 20 by the sheet thickness
measurement sensor 310 is started.

Next, as shown in step S208, the recording sheet 20 is fed.
By feeding the recoding sheet 20 in this way, the light
emitted from the light source 110 may be irradiated to the
fed recording sheet 20 via the collimator lens 120, so that the
regular reflection light reflected from the recording sheet 20
is incident to the regular reflection light detector 130, and the
internal diffuse reflection light is incident to the diffuse
reflection light detector 230. Further, the thickness of the
recording sheet 20 is measured by the sheet thickness
measurement sensor 310.

Next, as shown in step S310, the measurement of the
regular reflection light intensity is terminated and the mea-
surement result is transmitted to the controller 350.

Next, as shown in step S312, the measurement of the
diffuse reflection light intensity is terminated and the mea-
surement result is transmitted to the controller 350.

Next, as shown in step S314, the measurement of the
thickness of the recording sheet 20 is terminated and the
measurement result is transmitted to the controller 350.

Next, as shown in step S316, in the controller 350, an
averaging process and Fourier transformation are performed
on the regular reflection light intensity in the recording sheet
20. Specifically, the averaging process is performed by the
averaging processor 153 of the controller 150, and the
Fourier transformation is performed by the Fourier trans-
former 352 of the controller 150.

Similarly, as shown in step S318, in the controller 350, the
averaging process and the Fourier transformation are per-
formed on the diffuse reflection light intensity in the record-
ing sheet 20. Specifically, the averaging process is per-
formed by the averaging processor 153, and the Fourier
transformation is performed by the Fourier transformer 352.

Similarly, as shown in step S320, in the controller 350, the
averaging process and the Fourier transformation are per-
formed on the thickness of the recording sheet 20. Specifi-
cally, the averaging process is performed by the averaging
processor 153, and the Fourier transformation is performed
by the Fourier transformer 352.

Next, as shown in step S322, in the controller 350, based
on the information stored in the sheet-type database 351, the
sheet-type ranking list as shown in FIG. 26 is generated by
using the averaged and Fourier-transformed information of
the regular reflection light intensity in the recording sheet
20, the averaged and Fourier-transformed information of the
diffuse reflection light intensity in the recording sheet 20,
and the averaged and Fourier-transformed information of the
thickness in the recording sheet 20.

Next, as shown in step S324, in the controller 350, based
on the sheet-type ranking list of FIG. 26, the sheet type
having the closest error (i.e., having the least error) is
determined as the sheet type of the recording sheet. Spe-
cifically, the determination is made by the arithmetic pro-
cessor 152 and the like.

On the other hand, as shown in step S326, in the controller
350, the smoothness is calculated based on the averaged
regular reflection light intensity and diffuse reflection light
intensity. Specifically, the arithmetic processor 152 of the
controller 350 calculates the smoothness based on the light
intensities using a predetermined conversion formula stored
in the storage 154 of the controller 350.

Next, as shown in step S328, in the controller 350, based
on the determined sheet type and the calculated smoothness,
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the smoothness is determined. More specifically, the
smoothness is determined based on the determined smooth-
ness stored in the sheet-type database 351 and the calculated
smoothness.

Next, as shown in step S330, in the controller 350, based
on the determined smoothness, the image forming process-
ing condition upon fixing in printing the recording sheet 20
by the image forming apparatus. Specifically, based on the
relationship between the smoothness and the processing
condition in FIG. 16 stored in the storage 154 of the
controller 350, the condition closest to the calculated
smoothness is determined as the image forming processing
condition upon fixing.

Next, as shown in step S332, in the image forming
apparatus, the printing is performed on the recording sheet
20, so that the image is formed on the recording sheet 20.

By doing this, the smoothness may be detected by using
the optical sensor in this embodiment, and based on the
detected smoothness, it may become possible to set a
corresponding printing condition in the image forming appa-
ratus.

The descriptions other than described above in the third
embodiment are the same as those in the first and second
embodiments

Fourth Embodiment

Next, an image forming apparatus according to a fourth
embodiment is described. As the image forming apparatus in
this embodiment, a color printer 2000 is described with
reference to FIG. 28.

The color printer 2000 is a tandem-type multi-color
printer forming a full color image composed of four colors
(black, cyan, magenta, and yellow). The color printer 2000
includes an optical scanning device 2010, four photosensi-
tive drums (20304, 20305, 2030c¢, and 20304), four cleaning
units (2031a, 20315, 2031c¢, and 2031d), four charging
devices (2032a, 20325, 2032¢, and 2032d), four developing
rollers (2033a, 20335, 2033¢, and 20334d), four toner car-
tridges (2034a, 20345, 2034c, and 2034d), a transfer belt
2040, a transfer roller 2042, a fixing device 2050, a sheet
feeding roller 2054, a resist roller pair 2056, a discharge
roller 2058, a sheet feeding tray 2060, a sheet discharging
tray 2070, a communication controller 2080, an optical
sensor 2245, a printer controller 2090 that collectively
control above elements and the like.

The communication controller 2080 controls the bi-direc-
tional communications with an upper device (e.g., a personal
computer) via a network.

The printer controller 2090 includes a Central Processing
Unit (CPU), a Read-Only Memory (ROM), which stores a
program described in codes readable by the CPU and
various data to be used upon execution of the program, a
Random Access Memory (RAM), which serves as a working
memory, and an AD converter that converts analog data into
digital data. The printer controller 2090 controls elements in
response to a request from the upper device and transmits the
image information, which is received from the upper device,
to the optical scanning device 2010.

The photosensitive drum 2030a, the charging device
2032a, the developing roller 2033a, the toner cartridge
2034a and the cleaning unit 2031¢ are used as a group and
serve as an image forming station forming a black image
(hereinafter may be referred to as “K station” for conve-
nience purposes).

The photosensitive drum 20305, the charging device
20324, the developing roller 20335, the toner cartridge
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203454 and the cleaning unit 20315 are used as a group and
serve as an image forming station forming a cyan image
(hereinafter may be referred to as “C station” for conve-
nience purposes).

The photosensitive drum 2030c¢, the charging device
2032¢, the developing roller 2033c¢, the toner cartridge
2034c and the cleaning unit 2031c¢ are used as a group and
serve as an image forming station forming a magenta image
(hereinafter may be referred to as “M station” for conve-
nience purposes).

The photosensitive drum 2030d, the charging device
2032d, the developing roller 2033d, the toner cartridge
2034d and the cleaning unit 20314 are used as a group and
serve as an image forming station forming a yellow image
(hereinafter may be referred to as “Y station” for conve-
nience purposes).

On each surface of the photosensitive drums, a photosen-
sitive layer is formed. Namely, each surface of the photo-
sensitive drums is a scanning surface to be scanned. Further,
it is supposed that the photosensitive drums driven by a
rotation mechanism (not shown) to rotate in the arrow
direction of FIG. 28.

The charging devices uniformly charge the surfaces of the
corresponding photosensitive drums.

The optical scanning device 2010 irradiates light flux,
which is modulated for each color based on multi-color
image information (i.e., black image information, cyan
image information, magenta image information, and yellow
image information) transmitted from the upper device, onto
the charged surfaces of the corresponding photosensitive
drums. By doing this, on the surfaces of the photosensitive
drums, charge is removed only in a part to which the light
is irradiated, so that a latent image corresponding to the
image information is formed on each of the surfaces of the
photosensitive drums. The formed latent images are moved
to the corresponding developing rollers when the photosen-
sitive drums rotate.

The toner cartridge 2034a stores black toner to be sup-
plied to the developing roller 2033a. The toner cartridge
20345 stores cyan toner to be supplied to the developing
roller 20335. The toner cartridge 2034c stores magenta toner
to be supplied to the developing roller 2033¢. The toner
cartridge 2034d stores yellow toner to be supplied to the
developing roller 2033d.

When the developing rollers rotate, the toner from the
corresponding toner cartridges is thinly and uniformly
applied onto the surface of the developing rollers. When the
toner on the surfaces of the developing rollers is in contact
with the surfaces of the corresponding photosensitive drums,
the toner is moved and adhered to only the parts of the
surfaces where the light was irradiated. Namely, the devel-
oping rollers apply the toner to the latent images formed on
the surfaces of the corresponding photosensitive drums, so
that the latent images are developed. Here, the image to
which the toner is adhered (toner image) is moved to the
transfer belt 2040 when the photosensitive drums rotate.

The toner images in yellow, magenta, cyan, and black
colors are sequentially transferred onto the transfer belt 2040
s0 as to be overlapped to form a multi-color image.

The sheet feeding tray 2060 stores recording sheets. There
is a sheet feeding roller 2054 provided near the sheet feeding
tray 2060. The sheet feeding roller 2054 takes the recording
sheets from the sheet feeding tray 2060 one by one and feeds
the recording sheet to the resist roller pair 2056. The resist
roller pair 2056 feeds the recording sheet to a gap between
the transfer belt 2040 and the transfer roller 2042 at a
predetermined timing. By doing this, the color image on the
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transfer belt 2040 is transferred onto the recording sheet.
The recording sheet on which the image is transferred is fed
to the fixing device 2050.

In the fixing device 2050, the recording sheet is heated
and pressed, so that the toner is fixed onto the recording
sheet. The recording sheet on which the toner is fixed is fed
to the sheet discharging tray 2070 via the discharge roller
2058, and is sequentially stacked on the sheet discharging
tray 2070.

The cleaning units remove the toner remaining on the
surfaces of the corresponding photosensitive drums (remain-
ing toner). The surfaces of the photosensitive drums on
which the remaining toner is removed are returned to the
positions facing the corresponding charging devices again.

The optical sensor 2245 is used to specify the brand of the
recording sheet stored in the sheet feeding tray 2060.

The optical sensor 2245 is the optical sensor according to
the first, second, or third embodiment.

The chassis (black box) 160 is a box member made of
metal such as aluminum. Further, to reduce the influence of
disturbance light or stray light, a black alumite treatment is
performed on the surfaces of the black box.

Here, in XYZ three-dimensional orthogonal coordinates,
it is assumed that the direction orthogonal to the surface of
the recording sheet is z axis direction, and the surface
parallel to the surface of the recording sheet is XY plain.
Further, it is also supposed that the optical sensor 2245 is
disposed on the +Z side of the recording sheet.

Conventionally, the recording sheet is identified by
detecting the gloss value of the surface of the recording sheet
based on the light amount of the regular reflection light and
detecting the smoothness of the recording sheet surface
based on a ratio of the light amount of the regular reflection
light to the light amount of the diffuse reflection light. On the
other hand, in this embodiment, the recording sheet is
identified by detecting not only the gloss value and the
smoothness but also the information including the thickness
and the density, which are other characteristics of the
recording sheet, based on the reflection light. Therefore, it
may become possible to increase the number of recording
sheets to be identified than before.

Further, as described in the third embodiment, by using
the third sensor to detect the sheet thickness, it may become
possible to improve the accuracy of detecting the sheet type.
To detect the sheet thickness, there is a method of, for
example, detecting the displacement of the sheet feeding
roller using a hall sensor.

For example, based only on the information of the record-
ing sheet surface used in conventional identification method,
it may be difficult to distinguish plain paper from a matt
coated sheet. In this embodiment, by additionally consider-
ing the information indicating the inside of the recording
sheet to the information of the surface of the recording sheet,
it may become possible to distinguish not only plain paper
from a matt coated sheet but also a plurality of brands of
recording sheets from a plurality of brands of matt coated
sheets.

Further, the data of a plurality of brands of the recording
sheets that may be supported by the color printer 2000 may
be stored in the ROM of the color printer 2000 by deter-
mining optimal developing and transferring conditions in
each station for each of the brands of the recording sheets in
a process before shipment such as an adjustment process in
advance.

The printer controller 2090 performs the sheet-type deter-
mination process on the recording sheet when, for example,
power of the color printer 2000 is turned on or the recording
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sheet is supplied in the sheet feeding tray 2060. The sheet-
type determination process performed by the printer con-
troller 2090 is described below.

(1) A plurality of light emitting parts of the optical sensor
2245 are turned on simultaneously.

(2) The values of S1 and S2 are acquired based on the output
signals from the second optical detector 230 and the first
optical detector 130.

(3) The recording sheet determination table is referred to and
the brand of the recording sheet is determined based on the
acquired S1 and S2 values.

(4) The specified brand of the recording sheet is stored in the
RAM, and the sheet-type determination process is termi-
nated.

Upon receiving a printing job request from a user, the
printer controller 2090 reads the brand of the recording sheet
and acquires optimal developing and transferring conditions
corresponding to the brand of the recording sheet from the
development and transfer table(s).

Further, the printer controller 2090 controls the develop-
ment device and the transferring device of the stations in
accordance with the acquired optical developing and trans-
ferring conditions. For example, the transfer voltage and the
toner amount may be controlled. By doing this, it may
become possible to form a higher-quality image on the
recording sheet.

In this embodiment, the smoothness of the recording sheet
may be detected. Therefore, it may become possible to set
the optimal condition in accordance to the smoothness of the
recording sheet. Accordingly, it may become possible to
provide an image forming apparatus with a lower energy
consumption.

In this case, it may become possible to eliminate the
members to support the light source and the light receiver in
their tilted condition and simplify the electronic circuit.
Therefore, a compact optical sensor with lower cost may be
realized.

Further, in the above embodiment, a case is described
where the number of the sheet feeding tray is one. However,
the present invention is not limited to this configuration.
Two or more sheet feeding trays may be included. In this
case, the optical sensor 2245 may be provided for each of the
sheet feeding trays.

Further, in the above embodiment, the brand of the
recording sheet may be specified during feeding of the
recording sheet. In this case, the optical sensor 2245 may be
provided near the feeding path of the recoding sheet. For
example, the optical sensor 2245 may be provided between
the sheet feeding roller 2054 and the resist roller pair 2056.

Further, the target to be identified by the optical sensor
2245 is not limited to the recording sheet.

Further, in the above embodiment, the color printer 2000
is described as the image forming apparatus. However, the
image forming apparatus is not limited to the color printer
2000. For example, the image forming apparatus may be an
optical plotter, a digital copier or the like.

Further, in the above embodiment, a case is described
where the image forming apparatus includes four photosen-
sitive drums. However, the present invention is not limited
to this configuration.

Further, the optical sensor 2245 may be applied to an
image forming apparatus that forms an image by ejecting ink
onto the recording sheet.

Further, the target to be identified by the optical sensor
describes in the above embodiment is not limited to the
recording sheet.
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Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teachings herein set forth.

The present application is based on and claims the benefit
of priority of Japanese Patent Application No. 2012-187596
filed Aug. 28, 2012, the entire contents of which are hereby
incorporated herein by reference.

DESCRIPTION OF THE REFERENCE
NUMERALS

20: RECORDING SHEET

110: LIGHT SOURCE

120: COLLIMATOR LENS

121: LENS

130: REGULAR REFLECTION LIGHT DETECTOR
(FIRST OPTICAL DETECTOR)

150: CONTROLLER

151: 1/O SECTION

152: ARITHMETIC PROCESSOR

153: AVERAGING PROCESSOR

154: STORAGE

160: CHASSIS

161: OPENING

230: DIFFUSE REFLECTION LIGHT DETECTOR
(SECOND OPTICAL DETECTOR)

2000: COLOR PRINTER (IMAGE FORMING APPA-
RATUS)
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Patent Document 5: Japanese Laid-Open Patent Application
No. 2006-62842
Patent Document 6: Japanese Laid-Open Patent Application
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Patent Document 7: Japanese Laid-Open Patent Application
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The invention claimed is:
1. An optical sensor comprising:
a light source;
an optical detector configured to detect intensity of light
that is reflected by a recording medium, the light
emitted from the light source and irradiated onto the
recording medium;
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a controller configured to calculate a smoothness of the
recording medium based on the intensity of the light
detected by the optical detector; and

one or more lens disposed between the recording medium
and the optical detector, such that a light receiving
surface of the optical detector is disposed at a focal
position of the one or more lens, and an incident angle
01 of the light incident to the recording medium from
the light source relative to a normal line of the record-
ing medium satisfies a formula 75°=61<85°,

wherein an incident angular width of the light incident to
the optical detector due to the lens is less than or equal
to 10°, and

wherein the incident angular width depends on an area of
a light receiving surface of the optical detector and a
focal length of the lens disposed between the recording
medium and the optical detector.

2. The optical sensor according to claim 1, wherein an
aperture is provided between the light source and the record-
ing medium or between the recording medium and the
optical detector.

3. An image forming apparatus forming an image on the
recording medium, the apparatus comprising:

the optical sensor according to claim 1.

4. The optical sensor according to claim 1, wherein a
wavelength of the light emitted from the light source is
greater than or equal to 750 nm.

5. The optical sensor according to claim 1,

wherein the optical detector is a first optical detector, and

wherein the optical sensor further comprises

a second optical detector provided on a normal line of the
recording medium, the normal line extending from a
position where the light emitted from the light source is
incident to the recording medium.

6. The optical sensor according to claim 1,

wherein the recording medium is a sheet, and

wherein a smoothness of the recording medium is
detected based on intensity of the light detected by the
optical detector.

7. The optical sensor according to claim 1, wherein the
controller obtains correlation information regarding a cor-
relation between the smoothness of the recording medium
and the intensity of light that is reflected by the recording
medium, the smoothness of the recording medium being
measured via an air leak test.

8. The optical sensor according to claim 7, wherein the
controller obtains correlation information regarding a cor-
relation between the smoothness of the recording medium
and the intensity of light that is reflected by the recording
medium, the correlation information including a relational
expression between the smoothness of the recording
medium and the intensity of light that is reflected by the
recording medium, and the smoothness of the recording
medium being measured via an air leak test.
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